Enhancing the ability of plants to tolerate abiotic and biotic stresses is the current strategy for increasing agricultural productivity worldwide. Improved upland rice varieties characterized by early maturity, high disease resistance, high drought tolerance, high yielding potential, high grain quality and marketability are required by farmers to increase upland rice production to meet the increasing food and income demands. Improved and local upland rice varieties were evaluated across two seasons with and without fertilizer application. Insufficient soil water availability, low soil fertility and the blast disease were the major stresses that affected upland rice in the Rubirizi and Mitooma experimental sites in the South Western Agro Ecological Zone of Uganda. Integration of improved rice variety and soil fertility amendment with fertilizer plus proper crop management cultural practices resulted in high agronomic performance. Varieties NamChe 4, NamChe 5 and E22 showed superior performance over the other varieties in the field, and had significantly high probability (P ≤ 0.15) of being accepted by farmers. The early maturing NERICA 10, late maturing NERICA 6, SUPERICA 1 and Local Var., had high probabilities of being rejected because of low yielding, late maturity, drought intolerance, small panicle size, poor grain filling and high susceptibility to rice blast caused by Magnaporthe grisea. Therefore, improved varieties have great potential of increasing rice production in SWAEZ-Uganda, if farmers adopt the multi-technology integration approach.
Introduction
The growing importance of rice in Uganda propelled the government to join the Coalition for African Rice Development (CARD) formed in 2008 [1] , with the goal of doubling rice production to increase food-security and income of smallholders in Sub-Saharan Africa in 10 years [2] . Initially, rice was prioritized as a non-traditional crop for household poverty alleviation in Uganda, with commercial companies and small holder farmers mainly in Pallisa, Butaleja, Iganga, Lira, Gulu and Bundibugyo districts as the major producers. Expansion of rice production to the current rice growing districts including Kyankwanzi, Hoima, Tororo, Soroti, Kumi, Masindi, Apac, Bugiri, Kamwenge, Wakiso, Mukono, Kasese, Buhweiju, Rukungyiri, Mitooma, Kanungu and Rubirizi, has shown significant increases in the annual rice production overtime [3] .
The decline in wetland grown paddy rice yields since the 1980s is attributed to continuous growing of low yielding varieties, recycling of degenerated seed, low soil fertility, pests/diseases and insufficient water availability [4] [5] [6] . Most of the local paddy rice varieties grown in wetlands are late maturing (120 -140 days), and susceptible to diseases, indicating a need to adopt and adapt the improved varieties to the prevailing farming conditions. Moreover, decline in soil fertility has also caused an increase in the cost of production [7] , and overuse of fertilizers that may eventually have a negative impact on the entire wetland ecosystem. Therefore, enhancing the ability of rice plants to tolerate biotic and abiotic stresses is the current strategy for increasing agricultural productivity worldwide. Moreover, due to climatic change, continued disturbance of wetlands is not only disastrous to the eco-system, but also increases the contribution of agriculture to greenhouse gas emission into the atmosphere resulting in global warming associated effects [8] . Studies have shown adoption of high yielding rice varieties that utilize most of the photosynthates or substrates in grain filling rather than vegetative growth and rooting reduces the amount of substrates availed to the methanogenic bacteria in the rhizosphere zone. Although rice is known to contribute greenhouse gas (GHG) emissions including CH 4 , NO 2 and CO 2 [8] [9] , strategies to ensure optimal yields, and also reduce GHG emission by this crop need to be sought.
Apart from the Eastern Uganda regions where the initial introduction of rice was successful mainly because of the availability of sufficient water for growing lowland rice varieties, the introduction of upland rice during the early 2000s spread rice production to farmers (mostly small holders) in new areas [11] . The rainfed upland NERICA varieties in Uganda introduced in 2002, have shown great potential of increasing rice production [10] , especially in the semi-arid Western and North-Western regions where it is most grown. During 2002-2009, the area under rice (especially the New Rice for Africa: NERICA) production increased from 1500 ha to over 50,000 ha while yields increased to a range of 1.1 -5.8 t/ha across diverse agro-ecological zones. The upland varieties are currently competing with the commonly grown paddy rice varieties because they are highly resistant to diseases, mature earlier (90 -120 days), high yielding (potentially 4 -6 t/ha unmilled) and grows under moderate water availability [11] . According to Oonyu (2011) , upland rice is a promising better alternative to paddy rice for sustainable production and household income generation [4] , especially under the prevailing drought-prone climatic condition. A study by Haneishi (2014) showed that besides the high input requirement, growing high yielding NERICA upland rice varieties that were found to increase crop income by 40% -60% [11] , may be more profitable especially to smallholder farmers than some other upland crops. The high demand and market price in urban areas makes rice a commodity farmers continue to invest in for income generation [2] [12] .
In the SWAEZ, rainfed upland rice is commonly grown in Rubirizi and Mitooma districts, which are located at the edge of the Western Great Rift Valley, and are characterised by bi-annual rainfall pattern with short rains occurring in March-May and long rains during September-December. In this region, rice is grown purposely for income generation [13] , but due to limited resources, farmers wholly rely on rainfall to water their crops, and therefore the timely sowing calendar is strictly followed.
Elsewhere, studies have shown significant upland rice responses to fertilizer-legume cover crop combinations with more than 100% grain yield increase resulting in higher profit-gain especially when appropriate fertilizer quantities are used [14] . Neither fertilizer nor farmer yard manure (FYM) is utilized in upland rice production, because of the prohibitive high costs involved in accessing and applying the recommended qualities and quantities of fertilizers in the SWAEZ. Moreover, lack of information/knowledge about fertilizer use and profitability prevent farmers from benefiting from it [15] .
The 2000-2070 predicted impact of climate change in Africa, showed yield decline for both irrigated and rain fed rice in all environments of East Africa due to limited water and nutrient availability, and temperature rise [16] . Typically, when plants shorten their growth period in event of abrupt water scarcity, yield deficits occur. Although Uganda is still advantaged because its higher soil fertility and relatively high annual rainfall (800 -1200 mm per year) compared to other African countries, the climate change threat may severely affect rice production if well adaptable varieties are not developed [17] . Therefore, the current focus on developing climate change resilient rice through breeding early maturing, high drought tolerant and high yielding varieties, is the appropriate strategy.
Improved upland rice varieties have been developed by the National Crop Re- 
Materials and Methods
Improved upland rice varieties including E22, NamChe 3, NamChe 4, NamChe The percentage data on leaf area infected were used to calculate area under disease progress curve (AUDPC) using the following formula described by Shaner and Finney (1977) [29] : AUDPC = [(X 1 + X 2 ) * N 1 )/2] + [(X 2 + X 3 ) * N 2 )/2], where X 1 , X 2 and X 3 represented percent leaf area infected on the 1 st , 2 nd , 3 rd … n th assessment. N 1 and N 2 represented intervals (days) between every two data collection dates [30] . Analysis of Variance (ANOVA) was used to compare means via the GenStat 17th Ed. (VNSI) programme. The Least Significant Difference test (LSD) at P ≤ 0.05 was used to assess pairwise significance of means when the overall ANOVA F-test was significant. To measure the strength of association between different variables, correlation analysis was applied.
3) Upland variety evaluation and preference ranking
Seven rice varieties were further evaluated using the matrix scores and preference ranking by farmers to identify the most preferred varieties based on agronomic characteristics at stages 8-9 (dough stage -mature grain). The farmer participatory evaluation criteria were developed to suit the selected panel that comprised of farmers and agricultural extension workers. Thus, a modified version of the standard matrix score method ranging from 1 (least performing) to 5 (best performing) was used to assess: tillering ability, yielding potential, panicle size, grain filling, disease and pest tolerance/resistance; a scale of 1-2 scores was used to assess maturity period and a scale of 1-3 was used to assess drought tolerance.
The logistics preference ranking analysis was used to assess the overall order of acceptability of the various rice varieties.
Results
Although rice in Uganda has been commonly grown in the low-lying wetlands, the high agronomic performance of upland varieties at an altitude range of 1000 -1200 masl ( Figure 1 ) in this study, revealed that mid-elevation cropping land in Uganda has high potential for upland rice production. Agronomic performance of rice in the Rubirizi district sites located at 1005 -1311 masl was higher compared to the Mitooma district sites located at 1101 -1174 masl. Rice is known to grow best on well drained fertile loamy soil comprising clay and/or organic matter, but the current study revealed that upland rice also grows well on sandy soil with low clay and loam compositions ( Figure 2 ) in the SWAEZ. Apart from the two experimental sites that had 42% -43% sandy soils, the sand compositions in the soil samples from all other sites ranged from 52% to 80%, an indication of high drainage and low water holding capacity. The soil pH range was 3.9 -6.3 with slightly more than half of the sites having pH range of 5.5 -6.3. Seventy-five percent of soils had organic matter contents (1.3% -4.8%) lower than the critical level (5.0%), an observation already noted in the low loam soil composition. Besides the Nitrogen level that was close to the critical level (0.2), phosphorus (P) varied from 2.1% to 79.0%, with half of the samples having the high P range of 27.3 -79.0. Like the Nitrogen component, the levels of Potassium (K) were close to the critical levels in most sites. These results showed that the major nutrients (N, P and K) were generally insufficient in most sites, implying that for higher rice production in these sites, the farmers needed to supplement the exiting nutrients with either inorganic or organic fertilizers. The other major elements including Calcium, Sodium and Magnesium were sufficient in most samples (Table 1 ). The upland rice varieties tested in the current study included six released NERICA and NamChe varieties, a local-mixed check , SUPERICA 1 and two advanced genotypes (E20 and E22). The initial assessment based on average plant vigour, height and tiller formation showed that the fertilizer-variety integration significantly affected the plant growth characteristics. Plots treated with fertilizers showed high growth vigour, plant height and number of mature tillers in all sites during the two seasons ( Table 2 ). Plant vigour was consistently low-moderate (Figure 3 
Max Temp. °C Open Access Library Journal The average number of mature heading tillers among varieties treated with fertilizers was significantly high during the two seasons with 2017B having slightly more tillers than 2017A (Table 2) , and with NamChe 4, NamChe 5, E22 and the local varieties having the highest average number of mature tillers (range was 12.1 -13.3 per plant). Within the same fertilizer treatment, NERICA 6, NERICA 10 and SUPERICA 1 showed low tillering ability. Besides poor tillering, the slow growth of NERICA 6 negatively affected its yielding across all seasons.
While NERICA 10 seemed to be inherently low tillering, varieties that were not treated with fertilizers also displayed low tillering trend during the two seasons. E22, local Var., NamChe 4 and NamChe 5 had significantly high plant vigour, height and tillering responses to fertilizer application during the two seasons, whereas SUPERICA 1 was partly affected by the blast disease.
Rice blast was the most serious fungi disease in both Rubirizi and Mitooma districts, and high disease severity occurred during the 2017B season, which received higher rainfall (Figure 4) . Although, the average percent leaf area diseased (LAD) did not exceed 50% during the two seasons, the most infected va-rieties were the susceptible local Var., and SUPERICA 1 ( Table 3 ). The high disease severity on both varieties resulted in high AUDPC. Improved NERICA and NamChe varieties showed lower blast severity than the other varieties, but plants treated with fertilizers experienced higher rice blast infection than the non-fertilized ones ( Figure 5 ). NERICA 10 was the most blast resistant variety during the two seasons, which may partly be attributed to the sparse tiller population that did not create favourable conditions for the pathogen-inoculum development.
Although there was a negative correlation between disease severity (leaf area infected) and yield, the low value (r = −0.042) at p ≤ 0.05 indicated that the disease had a low effect on yield in the current study. Beside the non-significant 2017A yields, the varieties treated with fertilizers during 2017B had significantly higher yields, with E22, NamChe 4 and NamChe 5 having the highest yields ( Figure 5 ), while SUPERICA 1, NERICA 6 and local variety had lower yields ( Table 3 ) that were partly resultants of the high disease infection. Again NERICA 10 had the lowest yields yet it was the least affected by the disease. Varieties that had higher plant vigour and tiller number also had higher yields, which was indicated by the positive correlation (r = 0.168) between plant vigour and tiller number. Overall, fertilizer application increased the yields of most varieties by more than double the amounts from the varieties without fertilizers especially for the highest performers such as NamChe 4, E22 and NamChe 5 ( Figure 5 ), which also displayed high rice blast disease resistance and drought tolerance. Although NERICA 10 was the earliest maturing variety, its yield performance was low and not significantly different across the different soil treatments.
The late maturity period of NERICA 6 negatively impacted on its yield performance during the two seasons, but the least performance occurred in the 2017A short season. Therefore, the NERICA varieties displayed lower yield performance than the local famers' mixed varieties and SUPERICA 1, which experienced high blast disease severity during 2017A and 2017B.
Drought characterized by insufficient soil water availability to rice plants, low soil fertility and blast disease were the three major factors that affected upland rice agronomic performance in the Rubirizi and Mitooma districts. At a glance the average yield performance in Rubirizi was higher than in Mitooma, and fertilizer use significantly increased the yields by twice as much especially in Mitooma ( Figure 6 ). With fertilizer  E22  3  1  3  3  3  2  1  1   LOCAL Var  3  2  3  3  3  2  3  2   NAMCHE 4  3  1  3  3  3  2  2  1   NAMCHE 5  3  1  3  3  3  2  3  2   NERICA 10  3  1  3  2  3  2  2  1   NERICA 6  3  2  2  2  2  2  4  1   SUPERICA 1  3  1  3  3  3  1  2  1   No fertilizer  E22  2  1  2  2  3  2  1  2   LOCAL Var  1  2  2  2  2  2  2  2   NAMCHE 4  3  1  3  3  3  2  2  1   NAMCHE 5  1  1  2  2  3  2  1  2   NERICA 10  2  1  2  2  3  2  2  1   NERICA 6  2  2  2  2  2  1  2  2   SUPERICA 1  2  1  2  2  3  3  1  1 Scores: Plant vigour, tillering, yield, panicle size, grain filling, disease severity, pest incidence (1 = low, 5 = high); maturity period (Early -1, Late -2); tolerance to drought (1 = low, 3 = High). Farmers' preference ranking of improved versus local upland rice varieties
The overall preference ranking of upland rice based on maturity period, dis- and yielding potential showed that the most preferred variety was NamChe 4
followed by E22 and NamChe 5 ( Table 6 ). Although NERICA 10 was the earliest maturing, its small panicles, low number of tillers and vulnerability to severe bird damage caused to be ranked 4 th yet given the climate conditions, NERICA 10 would be the most appropriate upland variety to be grown under prevailing low rainfall conditions. The low performance of NERICA 6 was attributed to unfavourable environmental factors of which low rainfall/moisture and severe drought were major. Therefore, low drought tolerance, lodging, susceptible to bird damage and late maturity were the major limiting characteristics of NERICA 6, SUPERICA 1 and the local var., which had the lowest ranks.
Preference ranking based on graphic comparison
Comparison of acceptance of rice varieties based on preference assessments showed that NamChe 4 and E22 had higher probabilities being ranked by far- 
Discussion
Increasing production of upland rice in Africa is one of strategies to adapt rice cultivation to climate change, which is characterized by longer drought periods, shorter rainfall, warmer temperatures and insufficient water available for agricultural productivity. Of the three major rice production systems (rainfed upland rice, rainfed lowland rice and wetland/lowland irrigated rice) in Uganda, the wetland/lowland irrigation system has been the most productive, giving average yield of 1.9 mt/ha under high agro-input utilization and intensive management. The current decline in the lowland rice yield in Uganda, which is partly attributed to prolonged drought, insufficient water availability and low soil fertility, is a threat to food security and income especially in regions that are highly dependent on this commodity. Effort to develop high yielding varieties that are adaptable to the diverse environments and tolerant to drought are on-going in Africa [17] , and specifically in Uganda where many improved upland rice varieties have been recently released [12] . The current upland rice average yield of milled rice in Uganda is 1.7 t/ha, but it is projected to rise to 2.9 t/ha with increased use of improved technologies [18] . Open Access Library Journal Because in the SWAEZ, rainfed upland rice is grown under minimal agro-input and agronomic management, the yield is commonly very low, a scenario that farmers ignorantly accept as normal. This study assessed the adaptability through agronomic performance and preference evaluation of improved upland rice varieties with fertilizer application on-farm for two cropping seasons in major production districts in the SWAEZ. The assessed agronomic characteristics including plant vigour, height, tillering, disease severity and yield (un-milled), showed significant responses to the fertilizer, variety and fertilizer-variety interaction in the Rubirizi and Mitooma district sites during the short and long rain seasons of 2017. High performance of both improved and local varieties treated with fertilizers based on plant vigour, height, number of headed tillers and yield, was consistent with previous studies elsewhere that have shown varying responses of rice to different fertilizer levels, with the best being the Nitrogen rate of 120 kg N/ha [5] [19] . Seasonal rainfall and soil moisture availability to the plant is considered the most important determinant of whether and when rice is planted in this region. It is upon this factor that farmer usually grow rainfed upland rice during the long rain season in order for the crop to have sufficient water. Although the current study agrees with the recommendation of Momolu et al., (2017) , that Nitrogen fertilizer should be applied to boost plant growth and yields, these results further showed better fertilizer responses on the 2017B season's crop, which received sufficient rainfall and soil moisture.
The continuous cultivation of upland rice on the same fields season after season creates conducive environments for the buildup of the rice blast pathogen (Magnaporthe grisea) inoculum that normally survive on seed, other hosts, infected residual and volunteer plants. The disease severely infects local upland rice and other related/wild grass species [20] [21] . Blast epidemics observed in this study, are believed to have developed from the massive inoculum that thrived on previous rice plant residues agreeing with studies of Raveloson et al.
(2017), which found out that under field conditions, presence of infected rice residues could initiate an epidemic of blast in upland rice [22] . Initial infection and higher disease severity occurred on the local variety and SUPERICA 1, but apart from NERICA 6, NERICA 10 and the NamChe varieties displayed higher disease resistance. The 2017B season characterized by high relative humidity, rainfall and plant vegetative growth experienced high disease especially on the fertilizer treated plots agreeing with the fact that higher Nitrogen fertilizer application favours rice blast epidemics [6] . These results implies the higher rainfall created conducive environments for the pathogen multiplication and survival, moreover, disease severity was higher on the lower leaves in the high inoculum prone, cool and humid environment that was less exposed to sunshine [23] . The least blast affected crops were the 2017B non-fertilized varieties characterized by lower plant vigour, height and tiller formation. Although the current study realized a low negative blast AUDPC-yield correlation on the upland rice varieties, higher positive correlations (r 2 = 0.95) between yield loss and disease severity on susceptible irrigated lowland rice have been reported [24] . The high disease se-verity observed on the local mixed variety and SUPERICA 1, may indicate that these varieties are either susceptible to Magnaporthe grisea or the endemic pathogen races are virulent to the existing resistance. However, the existence of conidia in the environment season after season, and the likely presence of the pathogen in seed [25] , may have generated the high inoculum that resulted in severe disease epidemics that spread to improved varieties. Rice blast can cause up to 90% yield loss on susceptible varieties, but germplasm evaluation studies have identified externally introduced genotypes with high to moderate resistance to M. grisea races existing in Uganda that can be used to improve the most preferred varieties with durable blast resistance gene pyramids [6] . Besides NamChe 3, which has been previously reported as a potential source of disease resistance [12] , NERICA 10 consistently displayed higher resistance to rice blast. A combination of early maturity with high blast resistance qualifies NERICA 10 as a promising climate change and disease resilient variety, but because of its low yielding, it is best utilized as a source of genes to improve other high yielding and consumer/market preferred rice varieties. Given the importance of rice blast worldwide, appropriate control approaches integrating cultural, judicial chemical use and varietal resistance need to be applied for effective management of the disease.
Apart from genotype E22 (yielded 6443 -10,036 Kg/ha un-milled rice during 2017A and B), NamChe 4 and NamChe 5 released in 2013 displayed higher agronomic performance and tolerance to low soil moisture over NERICA 6 and local varieties (SUPERICA 1 and local Var.). The potential yields of NamChe 4 and NamChe 5 at the time of release were 4500 and 5800 Kg/ha [12] , but in the current study, the average yield range of these varieties were 4889 -5449 Kg/ha and 9416 -10,547 Kg/ha of unmilled rice in 2017A and 2017B, respectively, in the SWAEZ. Combination of improved variety with fertilizer application plus appropriate agronomic management resulted in higher upland rice performance in the zone, whereby in some sites yield increased by ≥100%. Therefore, improved varieties have a great potential of increasing rice production in SWAEZ, if farmers adopt improved varieties together with agro-input use [14] [18] , and proper rice production techniques [15] [26] . Considering the high rate at which NERICA has been adopted in Central Uganda, which was partly because of its high yields, there is a very high probability of farmers adopting the tested improved upland rice varieties for increasing production and consequently income.
Farmer participatory evaluation of technologies is an essential stage in technology development, because it is a key determinant of whether the technology is appropriate for adoption by the target users/consumers or unacceptable [27] . A combination of matrix scores using a modified scale and preference ranking logistic regressions showed that improved rice varieties; NamChe 4, NamChe 5 and E22 had significantly high probability of acceptance because these varieties had the qualitative and quantitative attributes required by farmers under their production and marketing conditions. The key attributes that influenced upland rice variety acceptance in the current study included; drought tolerance, early maturity period, yield, panicle size and grain filling, but elsewhere, studies have shown that consumer preferred improved rice varieties developed based on information derived through participatory variety selection may increase production, utilization and marketability [28] . Although local upland rice varieties were agronomically low performing and ranked least in the current study, farmers continue to grow them mainly because of high drought tolerance and early maturity period.
Conclusion
In conclusion, the high agronomic performance of some of improved upland rice varieties in the SWAEZ indicated a great potential of rice production in the region. However, besides the unpredictable drought spells; proper management of soil fertility, moisture, pests and diseases can result in higher rice yield performance than expected. The improved variety-fertilizer combination plus appropriate agronomic management resulted in higher rice agronomic performance in the two experimental sites. Improved NamChe 4, NamChe 5 and E22 not only showed superior agronomic performance over the other varieties in the field, but scored the highest probability of being accepted by farmers. The early maturing NERICA 10, late maturing NERICA 6, SUPERICA 1 and Local Var., had probabilities of being rejected because of low yielding, late maturity, high drought intolerance, high susceptibility to rice blast caused by Magnaporthe grisea, small panicle size and poor grain filling abilities. Therefore, improved varieties have a great potential of increasing rice production in SWAEZ, if farmers adopt improved varieties together with agro-input use and proper rice production techniques. Considering the high rate at which NERICA has been adopted in Central Uganda, which was partly because of its high yields, there is a very high probability of farmers adopting the tested improved upland rice varieties for increasing production and consequently income.
